OXIDE and oxvgen has been successfully used for general aniesthesia for many years. The pleasant induction, rapid loss of consciousness, flexibility of control, freedom from vomiting and salivation, speedy recovery, and lack of complications have given it great popularity for all types of superficial and minor operations and for many major procedures as well. Lately, however, particularly in America, nitrous oxide has been vigorously attacked on the grounds that its administration is accompanied by so much anoxia that its use should be abandoned.
A formidable mass-.of evidence has been accumulated. Lowenberg (1936) and his associates at the University of Michigan, Schreiber (1939) at Detroit, Courville (1936) at Los Angeles, and workers at Johns Hopkins Hospital (Ford et al., 1937) , Henry Ford Hospital (McClure et al., 1939) and others (O'Brien and Steegman, 1938; Brown et al., 1938; Stewart, 1938) have all published papers presenting similar aspects. Series of deaths under or following nitrous oxide anaesthesia have been presented. The pathologic pictures have been similar, and have been characterized by extensive capillary haemorrhage in many organs but especially of the cerebral vessels, and by cedema of the brain. Cases which have survived the aniesthesia but failed to regain consciousness have exhibited all the symptoms of decerebration with its accompanying spasm and rigidity; convulsions were common, and death occurred in a few days from pulmonary congestion and vasomotor failure. There were similar pathologic findings of diffuse cerebral capillary haemorrhage in these later cases, but in addition, there were now areas of degeneration in the cellular layers of the cerebral hemispheres and lenticulate nucleus. Less severelv damaged patients who survived had. various degrees of mental impairment, ranging from complete idiocy to transient confusion and loss of memory.
Lowenberg has advanced the theory that there is something specific in the manner in which nitrous oxide attacks the cerebral cortex and claims that the lesions produced cannot be duplicated by other means. Other workers do not support this hypothesis and, pointing out the great similarity between this pathologic picture and that produced by various forms of asphyxia, including carbon monoxide poisoning, have felt that anoxia was the cause. Even Lowenberg cannot distinguish anoxia from nitrous oxide poisoning when he has no history of the case. Similar lesions can be produced in animals by anoxia; therefore, it seems to be proved that while nitrous oxide has no directly toxic effect it may sometimes produce a severe or even fatal cerebral necrosis by an accompanying anoxia. Is it possible that this danger might be present in every administration of nitrous oxide? Is anoxia necessary for nitrous oxide to produce its anaesthetic effect? Nitrous oxide is by far the mildest and least toxic of the common general anaesthetics ( fig. 1 ). This is one of its advantages, for practically no disturbance of bodily function is produced, but it carries with it the serious disadvantage that when enough nitrous oxide is introduced into the patient to produce the required depth of anaesthesia, there may not be enough room for sufficient oxygen to maintain bodily function. Many years ago Paul Bert (1878, 1883) carried out his classic experiments to prove that nitrous oxide was actually ananaesthetic drug and that its effects were not solely caused by asphyxia.
By increasing the pressures under which the gases were inhaled, he showed that it was possible to have complete anaesthesia without oxygen shortage. By thus increasing the AUG.-AN,MSTH. I 628 Proceedings of the Royal Society of Medicine 30 partial pressures, he produced a condition opposite to that found in high altitudes. Here the aviator gets less oxygen, not because the percentage in the atmosphere is less, for it is the same as at sea-level, but because its partial pressure is reduced and his circulation thus absorbs less. Under increased pressure Bert's animals could still be maintained in good anaesthesia with nitrous oxide even though their oxygen intake was more than double that considered necessary under ordinary conditions and well above atmospheric concentrations. The effects of nitrous oxide inhalation are much more rapid and pronounced than those produced by inhaling an indifferent gas like hydrogen or helium. That nitrous oxide has specific effects apart from anoxia can be confirmed by comparing the effects of inhaling a mixture of 80% nitrogen and 20% oxygen (ordinary air) with a similar 20% oxygen -800, nitrous oxide mixture. Henderson and others have lately thrown doubt on Bert's experiments, claiming that only analgesia and not true anaesthesia was obtained. They have pointed out that in unprepared animals to produce real anaesthesia it is necessary to have a concentration of 95% nitrous oxide, which cuts down the oxygen to a dangerous degree, and that clinically it is impractical to administer the gases under increased atmospheric presstures. While this is true, nitrous oxide is never given for prolonged or deep anaesthesia unless the subject has the protection of morphine, which has been shown by Barbour (1936) to allow perfect anaesthesia in the experimental animal with 15% oxygen following the administration of as little as 15% of the M.L.D. (minimal lethal dose). The protective action of morphine seems to be due to its depressing effect on the metabolic rate, which McKesson (1925) has demonstrated is reduced 10%/ for I/4 gr. of the drug. Lessening the oxygen consumption of the patient allows us to give more nitrous oxide while maintaining the oxygen at basal levels.
Section of Anacsthetics 629
Clinical experience in the administration of nitrous oxide furnishes abundant additional evidence that good anaesthesia may be maintained with oxygen, not only above the basal level for the subject, but commonly above even atmospheric concentrations. Barbour in reviewing the evidence on this subject concludes: " It is clear to-day that the anaesthetic action of nitrous oxide is totally independent of asphyxia, although it may lead to the latter condition." Even those who support the anaesthetic action of nitrous oxide agree that its effect is much enhanced by anoxia. Anoxia is helpful only because reducing the oxygen makes it possible to increase the amount of nitrous oxide in the anaesthetic mixture. As has been mentioned, by decreasing the demand for oxygen, by lowering the metabolic rate, we can increase the amount of the gas to effective concentrations without anoxia. Clinical evidence lends this additional support. All who are familiar with its administration know how easy it is to anaesthetize those with low metabolism, such as the aged, cachectic, and those under the influence of depressing drugs. On the other hand, those with a high oxygen consumption, like thyrotoxics, athletes, and febrile patients, are especially difficult.
Evidence has been presented to show that the anaesthetic effect of nitrous oxide is not produced by and need not be accompanied by anoxia. How do we explain all these cases that have been cited previously where there can be no doubt anoxia produced serious neurologic complications? We believe that every one of these cases can be laid to technical error in the administration. A safe oxygen level must be maintained at all times or nitrous oxide ceases to be a mild innocuous agent and produces liver damage, acidosis, and other severe constitutional disturbances, as well as the neurologic sequelae that have been mentioned. Should the oxygen concentration always be maintained at the atmospheric level, that is 20%? Wouldn't this always prevent anoxia? We do not think that it would. Many times patients have been encountered in whom a mixture containing even 20% oxygen and 80% nitrous oxide constituted an overdose of nitrous oxide, and the mixture had to be diluted with oxygen to 30, 40, or even 50% oxygen before signs of fourth stage anaesthesia could be avoided. Those in shock, severe anaemia, and toxic and cachectic states generally need close observation to prevent overdosage. At other times very inefficient anaesthesia would result if no more than 80°% nitrous oxide could be given, and it is safe, in the average case, to reduce the oxygen considerably below ordinary atmospheric concentrations and still maintain basal oxygenation. For example, the Henderson-Haldane (Best and Taylor, 1939) expedition to Pike's Peak reached an elevation of over 14,000 ft. where the atmospheric pressure was only 450% mm. of mercury. At this pressure there was only 60% of available oxygen compared with sea-level, yet no serious symptoms were ex erienced, for the hamoglobin was found to be 88% saturated with oxygen, only a 7% toss. This is due to the character of the dissociation curve of haemoglobin, which tends to main-tain its oxygenation in the face of reduced partial pressures of the gas. This compensation seems to be accomplished mainly by hyperventilation; however, this hyperventilation further assists by lowering the blood carbon dioxide, which in turn increases the oxygen carrying capacity of the hinmoglobin by the so-called Bohr effect ( fig. 2) . Though the amount of oxygen may be reduced considerably below atmospheric levels in the normal patient, it is important that there should be enough at all times to carry on all essential functions of the body. This basal oxygen consumption could be found by determining the basal metabolism of every patient pre-operatively. Unfortunately, there are certain practical disadvantages to this plan, and furthermore, we are not sure that this basal oxygen determination would be correct for the day of operation, altered as it must be by nervousness or sedation.
ien"a I lbih It is not true to say that as long as no cyanosis develops there is no anoxia. Cyanosis varies with different patients, is subject to considerable individual interpretation, and merely represents a certain degree (about 10%) of oxygen desaturation of the haemoglobin (fig. 3) . Therefore, if the amount of hiemoglobin is small, it may still be completely saturated by an amount of oxygen that may be quite insufficient for the requirements of the patient. In fact, if the haemoglobin is below 30% cyanosis is impossible no matter how much the oxygen may be reduced. On the other ha,nd, a plethoric individual with a high percentage of haemoglobin will show marked cyanosis with an oxygen deficit that is quite insignificant. Therefore, no reliance is placed on cyanosis as a measure of anoxia, though if the technique is good, deep cyanosis will be rare after induction has been completed.
The following are regarded as signs of physiologic anoxia, and if any of them should appear more oxygen is supplied immediately:
Respiration: The breathing should be absolutely regular and automatic. Should irregularities such as Cheyne-Stokes' breathing, prolonged gaspy expirations, "cogwheel'" breathing, or other forms of periodic respiration develop, more oxygen is needed. Periodic breathing is a common sign of oxygen deficiency observed in high altitudes.
Pulse: A rapid pulse-rate (above 100) is considered evidence of oxygen deficiency provided that there is no other obvious cause. The heart is very sensitive to lack of oxygen, as it does not have the ability of skeletal muscle to incur a large oxygen debt for it must continue to work without resting. Blood-pressutre: A blood-pressure falling below 100 systolic with a corresponding decrease in pulse pressure should always be regarded as a sign of anoxia. A similar picture may be produced by surgical shock, but it is easy to differentiate one from the other by the therapeutic test of increasing the oxygen. If anoxia is present there will be an immediate return of the blood-pressure to its normal level. This is often seen before the effect of anoxia on the circulation produces an increase in pulse-rate, and must be looked for constantly.
If we are to prevent anoxia during the administration of nitrous oxide certain precautions should be observed. Great care must be used if anoxia is already present lest we increase it. Where there is an obstruction to respiration and the patient is having difficulty in obtaining sufficient oxygen we must not curtail it further. It must be remembered that where there is limitation of free respiratory motion, such as the prone, or Trendelenburg position, with empyema or pneumothorax, there will be a decrease in ventilation even though there is no gross respiratory obstruction. In congestive heart failure or shock there is a stagnant anoxia that might be increased by too great a reduction in the oxygen intake. In haemorrhage or anaemia where there is a reduction of haemoglobin resulting in a loss of the oxygen-carrying capacity of the blood, more oxygen must be given. All these conditions require the maximum amount of oxygen.
Among general rules for the prevention of anoxia, one must insist on sufficient premedication to reduce the oxygen demands of the patient. This is of great importance and should always be followed unless the operation is to be very short indeed. Of course, the patient should be carried in the lightest plane of anaesthesia possible at all times. If it is impossible to maintain the correct plane of anaesthesia without signs of anoxia, one should never hesitate to supplement the nitrous oxide with some more powerful agent.
There is a real danger that serious complications may be produced by an anoxia incident to nitrous oxide anlesthesia. This is always an indication of technical error that may be avoided by proper care in administration and by close observation of the patient for signs of oxygen want.
